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Abstract
We give an off-shell formulation of the N = 2 supersymmetric new nonlinear vector-tensor
multiplet. Interactions arise in this model as a consequence of gauging the central charge
of the supersymmetry algebra, which in contrast to previous models with local central
charge is achieved without a coupling to a vector multiplet. Furthermore, we present a new
action formula that follows from coupling the N = 2 linear multiplet to the vector-tensor
multiplet.
In their study of four-dimensional N = 2 supersymmetric vacua of heterotic string theory
de Wit et al. [1] found that the dilaton and the antisymmetric tensor reside in an N = 2
vector-tensor multiplet. Although on-shell a vector-tensor (VT) multiplet is dual to an
abelian vector multiplet, string theory may prefer the off-shell realization of the former.
This is why possible interactions of the VT multiplet have been extensively studied in
the last years. Among these, which include a variety of couplings to additional vector
multiplets [2]–[9] and supergravity couplings [10], there are self-interactions.
A self-interacting VT multiplet with nonlinear supersymmetry transformations had been
constructed for the first time by Claus et al. in [2]. Only recently was it realized that
there exists a second self-interacting version of the multiplet: in [11] we obtained what we
shall call the new nonlinear vector-tensor (NLVT) multiplet in the following by gauging
its central charge transformations. Promoting the global bosonic symmetry associated
with the central charge of the VT multiplet to a local symmetry requires the presence of a
vector potential, which in previous works was taken to sit in an additional abelian vector
multiplet [2, 3, 8, 9]. In [11] on the other hand it was shown that the VT multiplet’s
own vector field can serve as the necessary gauge connection, as well. The resulting new
NLVT multiplet features nonpolynomial but local interactions. They were constructed
by means of the Noether method as a deformation of the free action and its symmetries,
with the supersymmetry algebra being realized only on-shell.
In the present paper we derive an off-shell formulation of the new NLVT multiplet from a
suitable set of constraints on the field strengths appearing in the N = 2 supersymmetry
algebra with a gauged central charge. The Bianchi identities imply that as a consequence
of these constraints all field strengths can be expressed in terms of a single real scalar
1
superfield, the components of which comprise the covariant fields of the VT multiplet.
This superfield in turn is subject to constraints that give rise to the nonpolynomial de-
pendence of the field strengths on the vector. In order to obtain an invariant action,
we adapt a well-known construction principle that employs the properties of (composite)
linear multiplets [12, 13], which as we show can be realized as representations of our new
vector-tensor supersymmetry algebra by modifying their defining superfield constraints.
We should remark at this point that the term “new nonlinear vector-tensor multiplet” has
already been used in [7] to describe a model different from ours. While this model was
derived from a deformation of the superfield constraints of the VT multiplet, there is no
realization in terms of the usual field content that includes an antisymmetric tensor gauge
potential, and a nontrivial action can only be obtained by means of a dualization into a
vector multiplet. Since no such problems occur in our model, we thought it appropriate
to call it the “new NLVT multiplet” in order to distinguish it from the other proper
nonlinear VT multiplet of ref. [2]. We hope this does not lead to confusion.
Linear VT multiplet and Possible Deformations
We consider rigid N = 2 supersymmetry with a real central charge. The supersymmetry
algebra is spanned by supercovariant derivatives
DA ∈
{
∂µ, D
i
α, D¯α˙i, ∆z
}
. (1)
We shall not distinguish properly between superfields and components, so the DA may
either be read as differential operators in superspace or as generators of symmetry trans-
formations of component fields. The Diα and D¯α˙i are two-component Weyl spinors (greek
indices) as well as SU(2) doublets (small latin indices), where D¯α˙i = Diα. ∆z denotes the
generator of global central charge transformations.
The graded commutator of two supercovariant derivatives involves torsion,
[DA , DB ] = −TAB
CDC , (2)
where the nonvanishing components are1
T iα α˙j
µ = iδijσ
µ
αα˙ , T
i
α
j
β
z = −iεαβ ε
ij , Tα˙i β˙j
z = iεα˙β˙εij . (3)
The VT multiplet [14] is a representation of the algebra (2) with a nontrivial central
charge. The bosonic field content consists of two real scalars φ and U , the latter being
an auxiliary field, a 1-form with components Aµ and a 2-form Bµν . The fermions ψ
i
α, ψ¯α˙i
form SU(2) doublets. With Fµν = 2∂[µAν] and H
µ = 1
2
εµνρσ∂νBρσ we denote the field
strength of Aµ and the Hodge-dual field strength of Bµν respectively.
The free action with Lagrangian
L(0) =
1
2
∂µφ ∂µφ−
1
4
F µνFµν −
1
2
HµHµ − iψ
iσµ
↔
∂µψ¯i +
1
2
U2 (4)
1Our conventions are the following: η00 = +1, σ
µ = (1, ~σ), σµν = 12σ
[µσ¯ν], ε12 = −ε12 = 1. (Anti-)
symmetrization is defined such that Sµν = S(µν) + S[µν]. A tilde denotes Hodge-dualization, F˜
µν =
1
2ε
µνρσFρσ .
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is, among others, invariant under gauge transformations of the potentials,
δgaugeAµ = ∂µC , δgaugeBµν = ∂µCν − ∂νCµ , (5)
linear supersymmetry transformations generated by
Diαφ = ψ
i
α D
i
αψ
βj = 1
2
εij(Fµνσ
µν − iU)α
β
DiαAµ = i(σµψ¯
i)α D
i
αψ¯
j
α˙ =
1
2
εijσµαα˙(Hµ + i∂µφ)
DiαBµν = 2(σµνψ
i)α D
i
αU = (σ
µ∂µψ¯
i)α , (6)
and global central charge transformations generated by
∆zφ = U ∆zψ
i
α = (σ
µ∂µψ¯
i)α
∆zAµ = Hµ ∆zψ¯
i
α˙ = −(∂µψ
iσµ)α˙
∆zBµν = F˜µν ∆zU = φ . (7)
The central charge transformations of the gauge potentials leave the corresponding field
strengths invariant on-shell (although the symmetry is nontrivial, i.e. it does not reduce to
a gauge transformation on-shell) and are examples of the “hidden” symmetries considered
in [15].
Self-interactions of the VT multiplet may be introduced by deforming the free Lagrangian,
i.e. by adding terms L(k), k = 1, 2, . . . to L(0), where L(k) is of order k in some continuous
deformation parameters g. In order to maintain the symmetries, it is necessary also to
deform the corresponding field transformations, so the generators decompose into pieces
of definite order in the g’s, as well, with δgauge, D
i
α and ∆z as above being the 0th-order
contributions2.
To first order in g, invariance of the deformed action under the deformed symmetries
requires δ(0)L(1) ≈ 0 modulo total derivatives, where the relation ≈ denotes on-shell (with
respect to the linearized equations of motion) equality and δ(0) is a 0th-order symmetry
generator. It can be shown by writing down the general ansatz for the first-order deforma-
tion L(1) and imposing the above condition that there are precisely two consistent SU(2)
invariant deformations of the free VT multiplet that involve vertices of mass dimension
five, namely
L(1) = g1
[
AµF
µνHν −
1
2
φF˜ µνFµν − iFµν(ψ
iσµνψi − ψ¯
iσ¯µνψ¯i)
]
+ g2
[
AµF˜
µνHν +
1
2
φF µνFµν − φH
µHµ + Fµν(ψ
iσµνψi + ψ¯
iσ¯µνψ¯i)
+ 2Hµ ψ
iσµψ¯i
]
. (8)
L(1) is unique modulo total derivatives and on-shell trivial terms that can be removed by
means of field redefinitions.
The first term in each deformation is of the form gaAµJ
µ
a , where the J
µ
a are conserved
currents, and yields deformations of the gauge transformations (5). The current Jµ1 =
F µνHν corresponds to the global symmetry of L
(0) generated by the central charge ∆z.
2A review of deformation theory which focuses on N = 2 supersymmetry is contained in [16].
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The current Jµ2 = F˜
µνHν is trivial, J
µ
2 ≈ ∂νS
[µν] with S [µν] = εµνρσAρHσ, but it still
deforms the gauge transformations (actually, only the one of Bµν) since S
[µν] is not gauge
invariant3. These two terms are examples of so-called Henneaux-Knaepen and Chapline-
Manton vertices respectively, cf. [18, 19].
The deformations can be completed separately to local actions invariant to all orders in
the coupling constants ga, which in both cases requires an infinite number of L
(k). But
whereas the full deformation with parameter g2 is nonpolynomial only in the scalar field
φ, the deformation with g1 turns out to be nonpolynomial also in the gauge field Aµ.
The same applies to the gauge transformations in the respective deformations. The g2-
deformation was constructed first by Claus et al. in [2] by means of the superconformal
multiplet calculus, and later in [20, 7] using harmonic superspace techniques. The g1-
deformation was discovered recently in [11], but has not been formulated off-shell yet.
In order to compare the formulation of the old NLVT multiplet with that of the new one
to be constructed in the following, we briefly recapitulate the approach of [7]: The free
VT multiplet is given in terms of a field φ that satisfies the constraints [21]
D(iDj)φ = 0 , D(iα D¯
j)
α˙ φ = 0 . (9)
One then considers deformations of these constraints that preserve the commutation rela-
tions (2). The general ansatz compatible with the Lorentz and SU(2) symmetry properties
is given by
D(iDj)φ = F (φ)DiφDjφ+G(φ) D¯iφ D¯jφ , D(iα D¯
j)
α˙ φ = 0 (10)
(the latter expression can always be made to vanish by a field redefinition), where F and G
are arbitrary functions of φ. The supersymmetry algebra imposes consistency conditions
that constrain the coefficient functions. Necessary, but not sufficient, are the relations
∂F
∂φ
= FF¯ , G = F¯ . (11)
There are three independent solutions for F :
F1 = κ tan(κφ+ ρ) + iκ , F2 = −
1
φ + µ
, F3 = 0 , κ, ρ, µ ∈ R . (12)
The third solution obviously corresponds to the free case, whereas the second yields
the old NLVT multiplet. As was shown in [7], the first solution, while leading to self-
consistent superfield constraints, gives rise to a differential constraint in x-space on the
3-form component field (dual to Hµ in the free limit) that cannot be solved identically
in terms of a 2-form gauge potential without violating locality. One therefore does not
obtain a VT multiplet in the usual sense (although there is a dual description in terms of
a vector multiplet which is well-behaved, see [7] for details).
We will find, however, that also F1 is associated with a proper VT multiplet; in the
construction of our new NLVT multiplet we encounter essentially the same differential
equation (11) for a certain function of φ, and this time only the first solution turns out to
3J
µ
2 is trivial in the characteristic cohomology, but not in the invariant characteristic cohomology [17].
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be fully consistent in the sense that it does not induce constraints on the x-dependence
of the multiplet components.
The New NLVT Multiplet from Bianchi Identities
In order to construct the new NLVT multiplet off-shell, we return to the supersymmetry
algebra (2) and gauge the transformation generated by ∆z by introducing gauge connec-
tions AA and super gauge-covariant derivatives
DA = DA − gAA∆z . (13)
The connection AA with subscript A = µ will be identified with the 1-form in the VT
multiplet, and g ≡ g1.
We want to include the central charge generator ∆z among the gauge-covariant operators,
so we impose as a first constraint on the theory
Az = 0 ⇒ Dz = ∆z . (14)
The commutation relations of the super gauge-covariant derivatives involve in addition to
torsion also the curvature tensors,
[DA , DB ] = −TAB
CDC − gFAB∆z , (15)
which are given by
FAB = DAAB − (−)
ǫAǫBDBAA + TAB
CAC . (16)
Gauge covariance of DAT , where T is some tensor field transforming under local central
charge transformations with infinitesimal parameter C(x) as
δCT = g C∆zT , (17)
requires AA to transform according to
δCAA = DAC + g C∆zAA = (DA + gFzA)C . (18)
In the last step we have used (14) and TzA
B = 0 in the equation for FzA.
The Jacobi identities satisfied by the commutators (15) imply the Bianchi identities (BIs)
for the curvatures:
(DA + gFzA)FBC + TAB
DFDC + graded cyclic = 0 . (19)
These equations become nontrivial once we impose constraints on the curvature com-
ponents. In order to obtain the new NLVT multiplet, we first of all adopt the natural
constraint
F iα α˙j = 0 . (20)
With this choice, the BIs read explicitly:
(a) 0 = (Diα + gFz
i
α) (T
j
β
k
γ
z + gF jβ
k
γ) + (D
j
β + gFz
j
β) (T
k
γ
i
α
z + gFkγ
i
α)
+ (Dkγ + gFz
k
γ) (T
i
α
j
β
z + gF iα
j
β)
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(b) 0 = (D¯α˙i + gFzα˙i) (T
j
β
k
γ
z + gF jβ
k
γ)− ig δ
j
i σ
µ
βα˙F
k
γ µ − ig δ
k
i σ
µ
γα˙F
j
βµ
(c) 0 = (Dµ + gFzµ) (T
i
α
j
β
z + gF iα
j
β) + g(D
i
α + gFz
i
α)F
j
βµ + g(D
j
β + gFz
j
β)F
i
αµ
(d) 0 = (Diα + gFz
i
α)Fα˙jµ + (D¯α˙j + gFzα˙j)F
i
αµ − iδ
i
jσ
ν
αα˙Fµν
(e) 0 = ∆zF
i
α
j
β +D
i
αF
j
βz +D
j
βF
i
αz
(f) 0 = D¯α˙iF
j
αz +D
j
αFα˙iz + iδ
j
i σ
µ
αα˙Fµz
(g) 0 = ∆zF
i
αµ +D
i
αFµz −DµF
i
αz
(h) 0 = (Diα + gFz
i
α)Fµν − (Dµ + gFzµ)F
i
αν + (Dν + gFzν)F
i
αµ
(i) 0 = ∆zFµν +DµFνz −DνFµz
(j) 0 = (Dµ + gFzµ)Fνρ + (Dν + gFzν)Fρµ + (Dρ + gFzρ)Fµν . (21)
All other identities are either satisfied automatically or can be obtained from the ones
above by complex conjugation. The first three equations have been multiplied with g
in order to write them in a more convenient fashion, using the fact that the torsion
components are constant.
As our second constraint we take4
F iα
j
β + F
i
β
j
α = 0 ⇒ T
i
α
j
β
z + gF iα
j
β = −iεαβε
ijZ(g) , (22)
where Z(g) is some unconstrained complex scalar field with Z(0) = 1. The BI (a) is then
satisfied if
Diα ln(Z) = gF
i
αz . (23)
Next we consider the BI (b). Using the result for F iαz, we can express the curvature
components F iαµ in terms of Z and its complex conjugate,
F iαµ =
Z
2g
(σµD¯
i)α ln(Z/Z¯) . (24)
The VT multiplet contains a real scalar, therefore one of the two degrees of freedom
contained in (the lowest component of) Z must be eliminated. We cannot simply take
Z to be real or imaginary, because in either case F iαµ would vanish, which leads to a
trivial supersymmetry transformation of Aµ (according to (16) F
i
αµ = 0 would imply
DiαAµ = DµA
i
α, which reduces to a gauge transformation in the limit g = 0). Instead, we
require ln(Z) to be purely imaginary,
Z = eigφ ⇔ F iα
j
β =
i
g
εαβε
ij(1− eigφ) , (25)
with φ a real scalar field that is as yet unconstrained. The solutions to the BIs of dimension
3/2 then read
F iαz = iD
i
αφ , F
i
αµ = i e
igφ(σµD¯
iφ)α . (26)
4The constraints (20) and (22) are ‘representation preserving’, in the sense that one may consistently
describe hypermultiplets by the usual covariantized constraints D
(i
αϕ
j) = 0 = D¯
(i
α˙ϕ
j).
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We now solve the remaining Bianchi identities subject to the constraint (25). Let us
consider the BIs of dimension 2 first. (c) implies
Fµz =
1
4
σ¯α˙αµ [D
i
α , D¯α˙i ]φ , (27)
and imposes a constraint on φ:
D(iα D¯
j)
α˙ φ = 0 . (28)
The identity (d) gives the remaining field strength,
Fµν =
i
4g
(
eigφDiσµνDie
−2igφ − e−igφ D¯iσ¯µνD¯ie
2igφ
)
, (29)
as well as the reality condition
eigφD(iDj)e−2igφ + e−igφ D¯(iD¯j)e2igφ = 0 . (30)
With the above results, the BIs (e) and (f) are satisfied identically. Finally, it is an
exercise in index gymnastics to show that the BIs (g) to (j) of dimension 5/2 and 3 are
consequences of the other identities and the commutation relations and do not give any
further restrictions.
This completes the evaluation of the Bianchi identities. As a result of the constraints
(20) and (25) all field strengths can be expressed in terms of a single real field φ and
its supercovariant derivatives. However, the Bianchi identities do not guarantee that
the supersymmetry algebra is realized on the whole φ-multiplet. There arise additional
constraints from imposing the commutation relations (15) on the higher component fields.
In order to discuss these constraints and to make contact with the VT multiplet, we
introduce the following notation/identifications:
F iαz = iψ
i
α , Fzµ = Vµ , ∆zφ = U . (31)
The commutation relations then read
{Diα , D¯α˙j} = −i δ
i
jσ
µ
αα˙Dµ {D
i
α , D
j
β} = i εαβε
ijeigφ∆z
[Dµ , D
i
α ] = ig e
igφ(σµψ¯
i)α∆z [ ∆z , D
i
α ] = ig ψ
i
α∆z
[Dµ , Dν ] = −gFµν ∆z [ ∆z , Dµ ] = −gVµ∆z , (32)
where the (anti-) commutators not listed can be obtained by complex conjugation of the
ones above. Furthermore we write
D(iDj)φ = 2gM ij . (33)
The right-hand side has to be proportional to g since it vanishes for the free VT multiplet.
According to the Bianchi identities, the fields
φ , ψiα , Vµ , Fµν , U (34)
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comprise the covariant components of the supersymmetry multiplet. The complex SU(2)
triplet M ij has mass dimension 3 and can only be a composite field to be identified later
on. The action of the supersymmetry generators on Vµ and Fµν can be read directly off
the Bianchi identities (g) and (h) respectively,
DiαVµ = −iDµψ
i
α + i∆z(e
igφσµψ¯
i)α
DiαFµν = 2i (D[µ + gV[µ)(e
igφσν]ψ¯
i)α + ig ψ
i
αFµν , (35)
while for the other fields we find
Diαφ = ψ
i
α
Diαψ
βj = 1
2
εijeigφ(Fµνσ
µν − iU)α
β − ig εijψkαψ
β
k − g δ
β
αM
ij
Diαψ¯
j
α˙ =
1
2
εijσµαα˙(Vµ + iDµφ)
DiαU = ∆zψ
i
α − ig ψ
i
αU . (36)
Here the ∆z-transform of ψ
i
α enters. Using (28), we obtain for the action of ∆z on D
i
αφ
∆zD
i
αφ = e
igφDαα˙D¯
α˙iφ+ 2ig∆zφD
i
αφ+
i
3
eigφDαjD¯
(iD¯j)φ , (37)
or, using the notation introduced above and M¯ ij = (Mij)
∗,
∆zψ
i
α = e
igφ
(
σµDµψ¯
i + 2
3
igDjM¯
ij
)
α
+ 2ig ψiαU . (38)
So we have obtained a deformation of the VT multiplet provided Vµ can be identified
with the Hodge-dual field strength of a 2-form gauge potential (to lowest order in g). In
order to establish the corresponding constraint on Vµ we first of all note that (14) and
(16) imply
∆zAµ = Vµ . (39)
Thus the field strength Fµν can be written as
Fµν = (∂µ + gVµ)Aν − (∂ν + gVν)Aµ . (40)
It follows that
∆zFµν = DµVν −DνVµ , (41)
in accordance with the BI (i).
Now, the result for F iαz requires that the operator e
igφ∆z commute with D
i
α. When
applied to Diαφ and its complex conjugate, two nontrivial identities follow from the parts
antisymmetric in the SU(2) indices:
0 = 1
2
e−2igφ[ eigφ∆z , D
αi ]Dαiφ
= i (DµD
µφ−∆2zφ)−
1
4
Dα˙α[Diα , D¯α˙i ]φ− g(∆zφ)
2 + 2ig eigφ D¯iφ∆zD¯
iφ
+ i
6
DiDj D¯
(iD¯j)φ (42)
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0 = i e−igφ[ eigφ∆z , D
i
α ] D¯α˙iφ
= − i
2
e−igφDβα˙[Dαi , D
βi ]φ+ g∆zφ (iDαα˙φ−
1
2
[Diα , D¯α˙i ]φ)
+ i
2
∆z[D
i
α , D¯α˙i ]φ+ 4g D¯α˙iφ∆zD
i
αφ+
1
3
e−igφDαiD¯α˙j D
(iDj)φ . (43)
The imaginary parts of these equations give the action of ∆z on U and Vµ respectively,
∆zU = DµD
µφ+ g
[
e−igφψi∆zψ
i + 1
6
DiDjM¯
ij + c.c.
]
(44)
∆zV
µ = −Dν(F
µν + gΣµν)− g(F˜µν + gΣ˜µν)Dνφ+ gUD
µφ
− ig
[
ψiσµ∆zψ¯i +
1
6
e−igφDiσ
µD¯jM
ij − c.c.
]
, (45)
whereas the real parts provide the Bianchi-like constraints
DµV
µ = g U2 + ig
[
e−igφψi∆zψ
i − 1
6
DiDjM¯
ij − c.c.
]
(46)
Dν(F˜
µν + gΣ˜µν) = g(Fµν + gΣµν)Dνφ+ g UV
µ − g∆zΛ
µ
+ 1
6
g
[
e−igφDiσ
µD¯jM
ij + c.c.
]
. (47)
Here we have introduced the following composite objects:
Λµ = ψiσµψ¯i , Σ
µν = i(e−igφψiσµνψi − e
igφψ¯iσ¯µνψ¯i) . (48)
Clearly, the equations (46) and (47) can be solved only for an appropriate choice of M ij .
Furthermore, we have a consistency condition which follows from the fact that the spinor
derivatives Diα anticommute when symmetrized in the SU(2) indices:
D(iαM
jk) = 0 . (49)
Finally, we have to take into account the reality condition (30), which when written in
terms of M ij reads
e−igφ(M ij − iψiψj) = eigφ(M¯ ij + iψ¯iψ¯j) . (50)
Note that (49) and (50) imply D
(i
αM¯ jk) = 0.
We must determine M ij such that the constraints are satisfied identically. Toward this
end, we make an ansatz for M ij :
M ij = F (gφ)ψiψj +G(gφ)ψ¯iψ¯j , (51)
where F and G are arbitrary complex functions of the dimensionless argument gφ. The
constraints (49) and (50) then require
G′ = 2FG , G = e2igφ(F¯ + i) , (52)
where a prime denotes differentiation with respect to gφ. Introducing H = F − i, we
obtain
H ′ = 2HH¯ . (53)
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Now, this is the same differential equation (11) that we encountered in the construction
of the old NLVT multiplet, with the crucial difference that there it was F itself which had
to satisfy (53). We can copy the solutions, which are now shifted by the imaginary unit,
F1 = κ tan(2κgφ+ ρ) + i(κ+ 1) , F2 = i−
1
2gφ+ µ
, F3 = i , κ, ρ, µ ∈ R . (54)
We now have to check which of the three possible M ij is compatible with the remaining
constraints, thereby giving a consistent deformation.
Let us first consider (46). A necessary condition for this constraint to admit a local
solution is that all terms involving U2 cancel. With the ansatz for M ij inserted, we find
DµV
µ = g ImF U2 + . . . , (55)
where the terms omitted are at most linear in U . This implies that F must be real, which
singles out the first solution F1 with κ = −1. The remaining parameter ρ can be absorbed
by a redefinition
φ→ φ+ ρ/2g , ψiα → e
iρ/4 ψiα , D
i
α → e
iρ/4Diα (56)
(with all other bosonic fields being invariant), which is an automorphism of the super-
symmetry algebra (32). So without loss of generality the only possible candidate for M ij
is given by
M ij = tan(2gφ)ψiψj +
i
cos(2gφ)
ψ¯iψ¯j . (57)
Using this expression in (46) and (45), we find after some algebra
DµW
µ = 1
2
gFµνG
µν , ∆zW
µ = −(Dν − gVν)G
µν , (58)
where
W µ = cos(2gφ) V µ + 2g sin(2gφ) Λµ
Gµν = cos(2gφ) (Fµν + 2gΣµν) + sin(2gφ) (F˜µν + 2gΣ˜µν) . (59)
(58) can easily be solved in terms of an unconstrained 2-form gauge potential Bµν ,
W µ = 1
2
εµνρσDνBρσ , (60)
with a covariant central charge transformation generated by
∆zBµν =
1
2
εµνρσG
ρσ . (61)
The field strength that appears in the commutation relations, the symmetry transforma-
tions, and finally in the action, is Vµ rather than Wµ. By splitting Fµν = Fµν + 2gV[µAν]
we can bring (60) into the form
KµνVν = H
µ ≡ Hµ − 2g sin(2gφ) Λµ + g cos(2gφ) (F µν + 2gΣµν)Aν
+ g sin(2gφ) (F˜ µν + 2gΣ˜µν)Aν , (62)
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where the matrix Kµν is given by
Kµν = cos(2gφ)
[
ηµν(1− g2AρAρ) + g
2AµAν
]
. (63)
The nonpolynomial structure of the model now arises by inverting Kµν :
Vµ = (K
−1)µν H
ν , (K−1)µν =
ηµν − g
2AµAν
cos(2gφ) (1− g2AρAρ)
. (64)
Note that in the on-shell version of the new NLVT multiplet given in [11] the nonpolyno-
mial dependence on gAµ could be avoided by means of a first-order formulation (where
“first-order” now refers to the order of the 2-form in the action rather than that of the
coupling constant) and emerged only after eliminating an auxiliary vector field, which
made the construction possible in the first place. Here it is a result of the Bianchi iden-
tities and present from the outset, without specifying an invariant action. An off-shell
first-order formulation would require a whole multiplet of auxiliary fields, and it is not
clear to us whether it actually exists.
The last constraint to check is (47). With M ij as in (57) it turns out to be equivalent to
the Bianchi identity (j), so we have satisfied all constraints and consistency conditions.
It remains to determine the supersymmetry transformations of the gauge potentials Aµ
and Bµν . The action of D
i
α on the former follows directly from the definition of the
curvatures in (16),
DiαAµ = F
i
αµ +DµA
i
α = F
i
αµ + gAµF
i
αz + ∂µA
i
α . (65)
The last term is a gauge transformation, which may be dropped. We then have
DiαAµ = i e
igφ(σµψ¯
i)α + ig ψ
i
αAµ , (66)
and the fields Aiα, A¯α˙i occur nowhere explicitly anymore. As a direct consequence of the
Bianchi identities (21) we find the following supersymmetry commutators:
{Diα , D¯α˙j}Aµ = −iδ
i
jσ
ν
αα˙
[
∂νAµ − (∂µ + gVµ)Aν
]
{Diα , D
j
β}Aµ =
i
g
εαβε
ij (∂µ + gVµ) e
igφ
[ ∆z , D
i
α ]Aµ = i(∂µ + gVµ)ψ
i
α . (67)
There appear additional gradients ∂µ(. . . ) on the right-hand sides due to our dropping
the ∂µA
i
α term; they combine with gVµ into the full gauged central charge transformation
(18) of Aµ.
The supersymmetry transformation of Bµν can most easily be obtained from the one of
its ∆z transform, as the following calculation shows:
∆z D
i
αBµν = D
i
αG˜µν + [∆z , D
i
α ]Bµν
= ∆z
[
2 cos(2gφ) σµνψ
i − 2g e−igφA[µσν]ψ¯
i
]
α
+ 2 ∂[µ(e
−igφσν]ψ¯
i)α
− ig ψiαG˜µν + [∆z , D
i
α ]Bµν . (68)
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If we set
DiαBµν = 2 cos(2gφ) (σµνψ
i)α − 2g e
−igφA[µ(σν]ψ¯
i)α , (69)
we find a commutator
[∆z , D
i
α ]Bµν = ig ψ
i
αG˜µν − 2 ∂[µ(e
−igφσν]ψ¯
i)α (70)
which involves in addition to the central charge transformation a standard gauge trans-
formation of Bµν of the form (5). For the odd commutators we obtain
{Diα , D¯α˙j}Bµν = −iδ
i
jσ
ρ
αα˙
[
DρBµν + 2 ∂[µ(Bν]ρ − ην]ρ sin(2gφ)/2g)
]
{Diα , D
j
β}Bµν = iεαβε
ij
[
eigφG˜µν + 2i ∂[µ(e
−igφAν])
]
. (71)
The algebra of supersymmetry and gauged central charge transformations as given in
equations (12) to (15) of ref. [11] now closes off-shell.
The Linear Multiplet and Invariant Actions
With an off-shell formulation of the new NLVT multiplet at hand, we now have to de-
termine a supersymmetric and gauge-invariant action. Similarly to the previously known
versions of the VT multiplet, it may be derived from a linear multiplet. However, since
the commutation relations (32) differ from the usual ones considered in the literature, the
constraints that determine the linear multiplet turn out to require modification: let us
consider fields Lij that satisfy
Lij = Lji = (Lij)
∗ , D(iα
(
eigφLjk)
)
= 0 . (72)
The higher components of the multiplet consist of a Weyl spinor doublet, a complex scalar
and a real vector. We define these fields such that their transformations are as simple as
possible:
λiα = (Dαj + ig ψαj)L
ij
S = 1
2
DiDjL
ij + ig ψiDjL
ij + i
2
g2(2Mij + iψiψj)L
ij
Kµ = iDiσ
µD¯jL
ij − g(ψiσ
µD¯j + ψ¯iσ¯
µDj)L
ij + ig2 ψiσ
µψ¯j L
ij . (73)
The determination of the supersymmetry transformations is straightforward. We find
DiαL
jk = 2
3
εi(jλk)α − ig ψ
i
αL
jk
Diαλ
j
β =
1
2
εαβ
[
εijS − 3i∆z(e
igφLij)
]
− ig ψiαλ
j
β
Diαλ¯
j
α˙ = −
i
4
σµαα˙
[
εijKµ + 6(Dµ − gVµ)L
ij
]
− ig ψiαλ¯
j
α˙
DiαS = i∆z(e
igφλiα)− ig ψ
i
αS
DiαS¯ = −2i (Dµ − gVµ)(σ
µλ¯i)α + i∆z
(
e−igφλi − 6ig e−igφψjL
ij
)
α
− ig ψiαS¯
DiαK
µ = 4(Dν − gVν)(σ
µνλi)α − 2∆z
(
eigφσµλ¯i + 3ig eigφσµψ¯jL
ij
)
α
− ig ψiαK
µ . (74)
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As usual, however, the commutation relations hold only if the vector Kµ satisfies a con-
straint. Here we must require
(Dµ − gVµ)K
µ = ∆zX
X = e−igφ(iS − 4g ψiλi)− e
igφ(iS¯ − 4g ψ¯iλ¯
i) + 6g2 e−igφ(Mij − iψiψj)L
ij . (75)
Note that X is real according to (50). The constraint implies that a spacetime integral
over
L = X + gAµK
µ (76)
is invariant under gauged central charge transformations:
δCL = gC (Dµ − gVµ)K
µ + g(∂µC + gVµC)K
µ + gAµ gC∆zK
µ
= g ∂µ(CK
µ) . (77)
A little more effort is needed to show that
∫
d4xL is also supersymmetric. We find
DiαL = −2 ∂µ
(
eigφσµλ¯i + 3ig eigφLijσµψ¯j + 2gAνσ
µνλi
)
α
. (78)
Hence, we have an action rule at our disposal: If a composite field Lij satisfies the con-
straints (72), then the expression
L =
1
12
e−igφ
(
iDiDj + 6g ψiDj + 4g
2Mij + ig
2ψiψj
)
Lij
+
i
12
gAµ
(
Diσ
µD¯j + 2ig ψiσ
µD¯j + g
2 ψiσ
µψ¯j
)
Lij + c.c. (79)
is a candidate for a Lagrangian.
Let us apply this construction principle to the new NLVT multiplet itself. We make the
following ansatz for Lij :
Lij = α(gφ)ψiψj + α¯(gφ) ψ¯iψ¯j . (80)
It already satisfies the symmetry and reality properties, while the third constraint in (72)
requires furthermore
cos(2gφ) (α′ − iα) + 2i α¯ = 0 . (81)
Modulo real multiplicative constants, the two linearly independent solutions to this dif-
ferential equation are given by
α1 =
e−igφ
cos(2gφ)
, α2 = 2gφ α1 − i e
igφ . (82)
Now, the scalar φ was defined only modulo 2pi/g, see (25), so one would expect the
action to be invariant under shifts φ→ φ+ 2pi/g. While Lij1 , and thus the corresponding
Lagrangian L1, is indeed periodic, the solution L
ij
2 shifts by 4piL
ij
1 . Hence, L1 can only
be a total derivative.
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The Lagrangian as it follows from (79) and the ansatz (80) reads
L = − Im(eigφα)
[
1
2
DµφDµφ−
1
2
V µVµ −
1
4
FµνFµν +
1
2
U2 − gAµF
µνVν
+ g UAµD
µφ+ gAµF˜
µνDνφ
]
− Re(eigφα)
[
1
4
F˜µνFµν + V
µDµφ+ g UAµV
µ + gAµF˜
µνVν
+ gAµF
µνDνφ
]
+ fermion terms . (83)
As anticipated, α1 gives rise to a total derivative,
L1 = −
1
2g
∂µ
(
sin(2gφ) V µ + g G˜µνAν + fermion terms
)
. (84)
α2 on the other hand yields the sought nontrivial off-shell Lagrangian:
L2 =
1
2
cos(2gφ)
[
DµφDµφ− V
µVµ + U
2 + 2g UAµD
µφ
]
−
1
4
Gµν(Fµν + 4gAµVν)− ∂µ
(
sin(2gφ)φV µ + gφ G˜µνAν
)
+ fermion terms . (85)
If we insert the explicit expressions for the composite fields Gµν and Fµν , the Vµ-dependent
terms combine into −1
2
V µKµνV
ν . Using the solution (64) to the Bianchi identities, we
eventually find (dropping the total derivative)
L2 = −
1
2
Hµ(K−1)µνH
ν −
1
4
cos(2gφ)F µνFµν −
1
4
sin(2gφ) F˜ µνFµν
+
1
2
cos(2gφ) ∂µφ ∂µφ+
1
2
cos(2gφ) (1− g2AµAµ)U
2
− i cos(2gφ)
(
ψiσµ
↔
∂µψ¯i
)
− gFµν
(
cos(2gφ)Σµν + sin(2gφ)Σ˜µν
)
−
g2
2 cos(2gφ)
(
ΣµνΣµν + 2Λ
µΛµ
)
. (86)
This Lagrangian differs from the one found in [11] in the terms involving the auxiliary
field U . Due to the presence of the inverse matrix K−1, the action is nonpolynomial in
the combination gAµ, in addition to the less unusual nonpolynomial dependence on the
scalar. Since K−1 contains no derivatives, however, the action is in fact local.
Conclusions
We have given a detailed derivation of the off-shell transformation rules and action for our
new nonlinear vector-tensor multiplet and revealed its geometric origin. Starting from a
set of constraints on the field strengths associated with a local central charge in the N = 2
supersymmetry algebra, we have shown how the Bianchi identities give rise to the field
content of a VT multiplet. Accordingly, its covariant components occur as field strengths
in the supersymmetry commutation relations, a novel feature not observed before. What
is more, some of these field strengths turned out to depend nonpolynomially on the vector
gauge field.
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We then introduced a new coupling of the linear multiplet to the VT multiplet, which
provided us with an action formula similar to those used in the construction of models
with central charges gauged by a vector or supergravity multiplet. From this formula we
subsequently derived the invariant action for the new NLVT multiplet itself. For central
charges gauged by a vector multiplet the action rule takes a particularly simple form in
harmonic superspace [8]. It would be interesting if the results presented here can also be
formulated in harmonic superspace.
An unusual feature of our model is that central charge and supersymmetry transforma-
tions do not commute. While for the previous versions of the VT multiplet with local
central charge the commutator vanishes modulo ordinary gauge transformations of the
vector and tensor, here it involves another central charge transformation. The reason
is that by gauging the central charge the corresponding transformation of the vector is
identified with its gauge transformation. A similar phenomenon, a nonvanishing com-
mutator of supersymmetry and gauge transformations, was observed in a large family of
four-dimensional N = 1 supersymmetric gauge theories involving 1-forms and 2-forms
constructed in [22]. And indeed we showed in [11] that the new NLVT multiplet is but a
special member of this family with a second supersymmetry.
At last we remark that in the case of local supersymmetry central charges necessarily have
to be gauged, so our efforts may be viewed as preparatory steps toward a coupling of the
VT multiplet to supergravity. For the linear and old nonlinear VT multipet couplings to
superconformal gravity have already been constructed in [10], where again it was neces-
sary to include a vector multiplet that provides the gauge field for local central charge
transformations. Upon reduction to Poincare´ supergravity this gauge field is identified
with the graviphoton. This leads us to expect a fundamentally different supergravity cou-
pling of the new NLVT multiplet, since the multiplet gauges its central charge by itself
and therefore is likely to be invariant under the gauge transformation associated with the
graviphoton. An answer to the question whether the new NLVT multiplet can be coupled
to supergravity at all, however, requires further study.
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